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Abstract

Abscisie acid (ABA)-mediated gene expression is a critical component of plant responses
to this important hormone, which affects plant growth, development, and responses to
environmental stresses. Plant responses to ABA are mediated by a number of factors including
PKABA 1> an ABA-induced protein kinase involved in ABA-suppressed gene expression in
cereal grains, and TaWD40, which has previously been shown to physically interact with
PKABA1. A full-length 1.9 kb TaWD40 eDNA, CK210682, was sequenced as part of this
project. Based on the deduced protein sequence, it is thought that TaWD40 may belong to the
family of E3 ubiquitin ligases, possibly targeting PKABA 1 for destruction. Construction of
expression plasmids for overproduction of the TaWD40 polypeptide in E. coli is currently
underway. The TaWD40 eDNA has been successfully amplified from the source plasmid and
inserted into an intermediate plasmid, peR2.I. The TaWD40 cDNA is currently being cloned
from the peR2.l intermediate plasmid into two different expression vectors, pRSET-A and
pMAL-c2x, for future protein production and purification.
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Introduction
Exposure to environmental stresses, such as water deficits and extreme temperatures, is
generally deleterious to plants (Bewley, 1994). In response to stress, plants adjust their
metabolism for cell survival (Dure, 1997). Abscisic acid (ABA) is a common signal produced in
responses to many environmental stresses (Figure 1) (Holappa, 1995). ABA plays an important
role in regulating gene expression., closure of leaf
stomata, photosynthesis and adaptation to various
environmental stresses such as drought, salinity and

o

cold (G6mez-Cadenas, 1999). It is a crucial

Figure 1: Structure of Abscisic Acid (ABA).

phytohormone in seeds, affecting seed survival and

Structure obtained from:
bnp:lfwww.biok>gie.unj-bamburg.delb-onlinclcll/3le.bnn

reproductive capabilities (G6mez-Cadenas, 1999). Exposure to environmental stresses often
results in a decline in seed number and quality (Bewley, 1994). The interaction between ABA
and another phytohonnone, gibberellin (GA), is also involved in regulating the germination
process.
Gennination involves the transformation of a dehydrated" resting embryo into one with a
vigorous metabolism resulting in rapid growth (Bewley, 1994). All seeds require water, oxygen.,
an appropriate temperature, and often light in order for germination to occur (Johnson, 2003).
Germination begins with water uptake by the seed (imbibition), followed by elongation of the
embryonic axis (Bewley, 1994). Typically the end of germination is marked by the protrusion of
the radicle, the embryonic root, from the seed (Johnson, 2003).
Seed dormancy occurs when., despite some components of the germination process
•
occurring, the seed does not achieve radicle emergence (Bewley, 1994). There are generally two
types of dormancy, primary dormancy and secondary donnancy (Bewley, 1994). Primary

3

donnancy occurs when seeds contain a block to germination as they are released from the parent
plant due to some existing condition within the seed, whereas secondary dormancy is induced by
environmental conditions (Bewley, 1994). A variety of factors, either physical or physiological,
may cause seed dormancy, often allowing seeds to postpone germination until environmental
conditions are best suited for seedling survival (Johnson, 2003).
The ability to genninate under conditions suitable for grov.1.b and to maintain donnancy
under non-ideal conditions is essential for the survival of many wild plant species (Johnson,
2000). A better understanding of how the gennination process is regulated may allow for better
control of germination and dormancy in economically important crop and weed seeds (Johnson,
2000). Vigorous seeds that undergo rapid and synchronous gennination within the seed lot are
ideal for sowing of crops, while germi.n.ation at undesired times, such as pre-harvest sprouting,
can result in significant agricultural losses (Johnson, 2003).
ABA is located. in various parts of the seed. including the embryo, the endosperm, and the
enclosing tissues (Bewley, 1994). Concentrations of ABA increase during seed. development and
then decline rapidly during seed drying (Bewley, 1994). Jt has been shown that seeds with high
concentrations of ABA do not genninate, whereas seeds with low ABA concentrations are able
to germinate (Bewley, 1994). Furthermore, it has been shown that a decrease in endogenous
ABA is a prerequisite for germination in barley embryos (Testerink, 2000).
Even though the details of the ABA response in the seed are not knovm., some elements
involved in ABA function have been identified. In particular, elements involved in controlling
gene expression have been identified. A G-box-type ABA-responsive promoter element CABRE)
•
necessary for ABA-inducible transcription has been identified in many ABA-responsive
promoters (G6mez-Cadenas, 1999). Together with a coupling element (CE), ABRE forms an
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ABA response complex (ABRC) that is the rn.i.nimal unit necessary for specific ABA-induced
gene expression (G6mez-Cadenas, 1999). There is also evidence that protein kinases play an
important role in signal transduction pathways leading to ABA-regulated gene responses
(Holappa, 1995). Changes in gene expression and protein phosphorylation patterns induced by
ABA then result in cellular adjustments to changing environmental conditions that allow the
plant to better survive the stress (Holappa, 1995).
ABA is known to mediate acquisition of desiccation tolerance during seed maturation and
is involved in inducing seed dormancy (G6mez-Cadenas, 1999). There is evidence that, by
inhibiting their translation from mRNA, ABA inhibits the synthesis of specific enzymes
necessary for germination (Kahn., 1977). There is also evidence that increased ABA levels are
related to an increase in tolerance of dehydration, as well as sometimes an increased tolerance of
cold, osmotic, and salt stress (Holappa, 1995). It has been suggested that ABA is responsible for
preventing premature gennination oftbe embryo (Mayer, 1989).
Some examples of genes that are induced by ABA include the LEA (late embryogenesis
abundant protein) genes, which protect seeds from desiccation, and the KIN] genes, which
encode proteins similar to antifreeze proteins (Johnson, 2002). It has been shown that by
experimentally treating immature embryos with exogenous ABA, premature accumulation of
LEA proteins is induced (Dure, 1997). It was also shown that treatment of plantlets, or non-seed
tissues and organs, with exogenous ABA and abiotic stresses, such as water loss, led to an
appearance of mRN As for several LEA families (Dure, 1997). These results suggest that the
LEA proteins function to mitigate deleterious effects of the loss of cellular water concentration
•
(Dure, 1997).
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The observed effects of ABA suggest that ABA does not directly affect gene expression
or other processes in the seed but rather is involved in one or more signal transduction pathways
that regulate various cellular processes. One important signaling component that has been
identified is PKABA1, a protein kinase involved in ABA-suppressed gene expression in cereal
grains (Johnson, 2002). PKABAl mRNA has been shown to accumulate in embryos treated with
ABA and in severely dehydrated shoots (Holappa, 1995). With increasing ABA concentrations,

PKABA 1 mRNA levels increase in developing seed embryos, reaching high levels at seed
maturity (Gornez-Cadenas, 1999). PKABAl mRNA levels decline in germinating seeds but
increase rapidly in response to environmental stresses along with increasing ABA levels
(G6mez-Cadenas, 1999). PKABAJ mRNA was experimentally detected at basal levels in tissues
of nonstressed wheat plants and in higher levels in shoot, scutellar, and root tissues of stressed
plants (Holappa, 1995). Studies also detected high levels of PKA BA 1 mRNA in field-grown
plants growing under cold winter conditions, but not under wann summer conditions (Holappa,

1995). PKABAl mRNA levels fell to undetectable levels when plants growing under cold winter
conditions were incubated at a warmer temperature (22°C) for 24 hours, thereby removing plant
stress due to cold temperatures (Holappa, 1995).
During germination, the embryos of cereal grains synthesize and secrete GA (Figure 2)
(G6mez-Cadenas, 1999). It is known that GA is
transported from the embryonic axis to the
aleurone layer where it induces the synthesis of
HO

specific enzyme proteins such as a-amylase
(Mayer, 1989). Experimentally, the application

Figure 2: Structure of Gibberellin Al (GA).
Structure obtained from:

of GA to dormant seeds was shown to stimulate

hnp:/ fwwv.'.p lant-hormones. in fo!g.ibberellins .htm
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gennination (Johnson, 2000). The application of GA to cereal grains induces rapid hydrolysis of
stlIch in the endosperm and of proteins in aleurone layer (Mayer, 1989). A number of mutants
created experimentally that lacked the ability to produce GA were unable to germinate without
exogenously supplied hormone (Johnson, 2000).
GA has also been shown to stimulate the expression of genes encoding mannanase and
expansins, proteins that appear to be involved in cell wall weakening of radicle covering
structures, thus facilitating protrusion of the radicle (Johnson, 2003). The effect of GA-induced
protein production on radicle protrusion may be the manner in which GA-induced gene
expression is linked to the regulation of germination (Johnson, 2003).
The inhibitory effects of ABA on germination mentioned above can be reversed by GA
(Mayer, 1989). However, despite the evidence indicating that increasing levels of GA and
decreasing levels of ABA leads to the breaking of dormancy, the changing levels of each
hormone are rarely correlated with the efficiency of dormancy breaking (Jullien, 2000). ABA is
the primary hormone involved at all steps of dormancy maintenance and release (Jullien, 2000).
However, GA is present at sufficient levels to induce germination at all times and is able to act as
soon as ABA synthesis is inhibited (Jullien, 2000). This suggests that it is not the apparent
changing levels of both GA and ABA that cause dormancy to be broken but rather the inhibition
of ABA synthesis, which results in decreasing concentrations of ABA, that allows events of the
germination process to occur. Prelirnioary studies have also indicated that the relationship
between GA and ABA does not follow strictly competitive kinetics suggesting that GA and ABA
do not compete for the same binding site on the cell (Zentella., 2002).

•

The availability of storage reserves is important for seedling growth, although the
mobilization of these storage reserves has been shown to be a post-germination event (Bewley,
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1994). The mobilization of starch reserves provides energy for early seedling growth (Johnson,
2003). Starch, the major storage reserve found in cereal endosperm, is hydrolyzed by a-amylase
(Bewley, 1994). GA leads to a-amylase secretion whereas ABA inhibits a-amylase production
through the regulation of the transcription of the a-amylase genes (Bewley, 1994). Although the
interaction between ABA and GA in relation to mobilization of storage reserves does not directly
affect regulation of germination, it is still important for seedling growth and survival. It is also
likely that, in addition to the ABA-induced suppression of GA-induced expression of a-amylase
genes, ABA also affects genes more directly involved in the regulation of germination (Johnson,
2003). For example, GA-stiroulated production of the cell-wall weakening enzyme

~-1,3

glucanase has been found to be suppressed by ABA in tomato and tobacco seeds (Johnson,
2003).
PKABAl's effect on the interaction between GA and ABA has also been studied. GA
induced expression of a-amylase and proteinase genes was shown to be suppressed by
constitutive expression of PKABAI but no effect was noted on the expression of ABA-induced

LEA genes (G6mez-Cadenas, 1999). These results suggest that PKABAI serves as an
intermediate in ABA suppression of GA-inducible gene expression in cereal grains (GOmez
Cadenas, 1999). The effect of PKABA I appears to be mediated through the down-regulation of
a transcription factor, GAMYB, required for a-amylase gene expression (Johnson, 2002). ABA
has also been shown to block the GA signal transduction cascade before the formation of active
GAMYB (Zentella., 2002). The [act that PKABAI is able to mimic the effect of ABA suggests
that it is involved in the ABA-mediated inhibition of GA signaling (Zentella, 2002). It is
thought, however, that two independent ABA signaling pathways may exist leading to the
suppression of a-amylase, one dependent and one independent of PKABA 1 (Figure 3) (Zentella.,

8

2002). Tbis theory is based on

GA

evidence from experiments using

1

RNAi technology that showed that
ABA maintained its antagonistic

Gene Expression

effect even when PKABA 1 was

T T
i

suppressed by RNAi (Zentella..

PKABAl

2002).
Since PKABA 1 takes part in

ABA

ABA

the ABA signaling process in cereal

grains, it is useful to study proteins
that directly interact with PKABAI

Figure 3: Signaling cascade involving GA, ABA, and
PKABA 1. The interaction between GA- and ABA
mediated signalling pathways regulates gene
expression of many proteins including a-amylase,
proteinases, and ceil wall weakening proteins.

and bow tills affects PKABA 1
mediated signaling. TaABF (Johnson et al., 2002) and TaWD40 (Johnson, unpublisbed results)
are two PKABAl-interacting proteins that have been identified in a two-hybrid screen. TaABF
is a bZIP transcription factor (Johnson et al., 2002). TaWD40 mRNA is not induced by stress
treatments as is PKABA 1 but it is always present together with PKABA 1 mRNA in both leaves
and roots (Johnson, unpublished results). PKABAland TaWD40 mRNAs are present during the
early stages of imbibition and during the later stages of grain development (Johnson, unpublished
results).
The two-hybrid screen for proteins interacting with PKABA I identified a partial eDNA
for TaWD40 that was incomplete at both the 5' and 3' ends (Johnson, unpUblished

~esults).

Using a BLAST search, a 1.9 kb TaWD40 eDNA clone was identified. TIlls TaWD40 eDNA,
CK210682, was obtained and sequenced by primer walking as part of this thesis research proj eel.
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In order to study TaWD40 expression and the properties of the TaWD40 protein, we need to
construct expression plasmids containing the full-length TaWD40 cDNA for overproduction of
TaWD40 in E. coli. An important goal ofthis research is to construct two expression plasmids
for production of TaWD40 in E. coli, one using the pMAL-c2x (Figure 4) expression system and
one using the pRSET-A (Figure 5) expression system. The pMAL-c2x expression system (New
England Biolabs) allows the generation of a maltose-binding protein (MBP) fusion protein by
inserting the TaWD40 eDNA downstream from the malE gene, which codes for MEP, of E. coli.
Along with the utilization of the strong "tae" promoter and malE translation initiation signals,
high-level expression of the cloned TaWD40 sequence should be observed. The pMAL~c2x
expression system also allows for one-step purification of the fusion protein using MBP's
affInity for maltose. A recognition site for a specific protease is also present to allow for
cleavage ofMBP after purification. The pRSET-A expression system (Invitrogen) is a pUC
derived expression vector designed to give high-level expression in E. coli by utilizing the T7
promoter. DNA inserts are positioned downstream and in-frame with a

s~uence

encoding an N

terminal (HiS)6 tag. This allows for simple purification of the cloned insert using immobilized
metal afftnity chromatography and the metal binding domain (HiS)6 of the fusion peptide. The
presence of an enterokinase cleavage recognition si te allows subsequent removal of the N
terminal fusion peptide following purification. The construction of expression plasmids
containing the full-length TaWD40 eDNA will allow future protein purification. Once purified
TaWD40 protein is obtained, it can then be used in binding and activity assays and for the
production of antibodies that can be used for irnmunoblotting.

10
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45 seconds, 50° C for 1 minute, 72° C for 1 minute and ending with 72° C for 6 minutes.
Following ethanol precipitation of the peR product, the product "vas dissolved in 80 I-lL of
distilled H 20. The amount of amplified eDNA insert was determined by electrophoresis through
a 1.5% agarose gel contai.n.i.og ethidium bromide (0.1 1lg/IlL). The concentration was determined
by comparison to 1000 ng of A DNA digested with Hind III. This PCR product was then used as
a template for sequencing of the TaWD40 cDNA.

Cycle sequencing with Big Dye Terminators
Sequencing reactions were run according to the manufacturer's instructions for the Big
Dye ® Terminator v. 1.1 Cycle Sequencing

}(jt

(Applied Biosystems). Sequencing reactions

were run with 4.4 !J.L of template DNA (50 ng) in distilled water added to 1.6/-lL of the
appropriate primer (2 p.M) and 4.0

!1L of Big Dye ® Terminator v.

1.1 Cycle Sequencing RR

100 mix. Primers ordered previously for sequencing of partial TaWD40 eDNA clones were used
in addition to new primers designed where necessary to complete sequencing. The thennocycJer
was set for 25 cycles as follows: 9ftC for 10 seconds, 50°C for IS seconds and 60°C for 4
minutes (annealing and extending temperatures varied for different primers). Samples were
purified using CentriSep spin columns (princeton Separations). The reaction products were
vacuum centrifuged to remove any liquid and stored at -20°C.

Running sequencing reactions on AB1310 Genetic Analyzer
Purified samples were dissolved in 25 ilL TSR. Samples were vortexed and-heated to

96°C for 2 minutes then cooled on ice and centrifuged briefly. Samples were then run on the
ABI 310 sequencer using the SeqPOP6 Rapid (lmL) E module.
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Sequence Analysis using Gene Inspector 1.6
Sequences obtained from the ABB! 0 were entered into the Gene Inspector software
(Textco BioSoftware) and aligned to produce a complete sequence for the CK210682 cDNA.
Sequences from the 3' end of the eDNA were entered and inverted in order to confirm the
sequence obtained from the 5' end.

Construction of pRSET-Affa\VD40 expression plasmid

Digestion ojDNA for ligation
The pCRl .11TaWD40 plasmid was obtained from Michael Howard and used to generate
a fresh 50 mL culture in IB medium (Ausubel et al., 2002) containing kanamycin (50
The pCRl.1ffaWD40 plasmid in culture was then incubated at

3r C overnight.

~g/mL).

The plasmid

was then purified frOID the bacterial culture by alkaline lysis (Ausubel et a1., 2002). The plasmid
DNA was then digested with Eco Rl and Xho I separately to confmn that the correct plasmid was
present. A medium-scale plasmid prep of the pRSET-A plasmid was prepared. The pRSET-A
plasmid was digested separately with Eco R1 and Hind ill to confirm that the correct plasmid
was present. Once both the pCR2.1ffaWD40 and pRSET-A plasmids were shown to be correct,
the samples were concentrated by vacuum centrifugation and digested with Xho 1 as follows:
100,.,.L ofpCR2.lffaWD40 DNA (10 !J.g), 80 units of Xho I, 10 /-lL ofBSA (10 mg/mL), 20!J.L
ofNE Buffer fI (New England Biolabs), and 66 !-LL of distilled water or 50 ,.,.L of pRSET-A
DNA (15 /-lg), 80 units ofXho I, 10 I-lL ofBSA (10 mg/mL), 20!-tL ofNE Buffer IIo(New
England Biolabs), and 116 ,uL of distilled water. Digestion reactions were incubated at 37° C for
4 bours. After 4 hours, 35 units of calf intestinal alkaline phosphatase (New England Biolabs)
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were added to the pRSET-A digest to dephosphorylate the ends of the linearized plasmid,
preventing the plasmid from re-circularizing. The dephosphorylation reaction was allowed to
proceed at 3r C for one hour and the tube was then heated to 65° C for one hour to inactivate
the calf intestinal alkaline phosphatase.
The pCR2.1ffaWD40 and pRSET-A digests were run on a 1% agarose gel containing
ethidium bromide (0.1 t-tg/I-lL). The appropriate bands were cut from the gel and purified using
Millipore Ultrafree-MC Centrifugal Filter columns (Millipore). DNA was purified by extracting
three times with an equal volume of phenol-chloroform and once with an equal volume of
chloroform followed by an ethanol precipitation of the DNA. The purified fragments were each
dissolved in 20 I-lL of distilled H20. The amount of TaWD40 and pRSET-A DNA was
determined by gel electrophoresis using a 1% agarose gel containing ethidiwn bromide (0.1
Ilg/I-lL). The concentration was determined by comparison 10 1000 ng of A DNA digested with

Hind III.

Ligation of TaWD40 DNA and pRSET-A expression plasmid
The ligation reaction was run as follows: 100 ng of TaWD40 DNA, 100 ng ofpRSET-A
DNA, 200 units of DNA Ligase (New England Biolabs), 1.0 ilL of lOX DNA Ligase Buffer
(New England Biolabs) and 3.0 ilL of distilled water. The ligation reaction was incubated at
room temperature for 4 hours.
The ligation product was used to transform XL I-Blue subcloning-grade competent cells

(Stratagene) according to the manufacturer's instructions which where then plated em LB plates
containing ampicillin (50 I-lg/roL). The plates were incubated at 37°C overnight and then
individual colonies were used to inoculate 3 mL cultures ofTB medium with ampicillin (50
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Ilg/mL). Cultures were incubated with rapid shaking overnight and then the plasmids were

purified from the bacteriaJ cultures by alkaline lysis (Ausubel et al., 2002).
Each plasmid prep was then digested withXho I to determine if the ligation was
successful. Reactions were prepared as follows: 2 l-lL of plasmid prep DNA, 2 I-lL ofNE Buffer

II, 10 units of Xho I, I l-I-L BSA (l0 mg/rnL), and 4.5
incubated at

rt> C for 4 hours.

JlL

of distilled water. The reactions were

Samples were then run on a 1% agarose gel containing ethidiwn

bromide (0.1 ).lglI-lL) or on the FlashGel system (Cambrex) to determine if the ligation product
was correct.

Construction of pMAL-c2xfTa\\'D40 expression plasmid
Amplification ofeDNA templare

The TaWD40 cDNA clone, CK210682, was amplified from the pCMV.SPORT6 plasmid
using specifically designed 5' and 3' primers. The 5' primer, WD40SAL15' had the following
sequence: ATCGTCGACCGTGCTGTTCC. The 3' primer, WD40SAL 13' had the following
sequence: GTCGACGTAAAACGACGGCCATG. The primers were both designed with Sal I
restriction sites (GTCGAC) for future digestion and ligation. The PCR reaction was run as
follows: 0.5

~

of TaWD40 DNA (l00 ng), 10

~

of lOX PCR Buffer II (Applied Biosystems),

10 l-I-L of 2 mM dNTP mix., 10 ).lL of 2 liM WD40SAL 15' primer, 10 I-lL of 2 I-lM \VD40SAL13'
primer, 0.5 ilL ofTaq polymerase, 12IJ.L of25rnM MgCb, and 47 ll-L of distilled water. Two
100 IAL reactions were run in a thermocycler using the program setting: 94° C for 45 seconds
followed by 25 cycles of 94° C for 45 seconds, 55° C for 45 seconds, 65° C for 2 mirlUres and
ending with 72° C for 7 minutes. The PCR product was run on a 1% agarose gel with ethidium
bromide (0.1 1J.g/IlL) to determine the concentration of the TaWD40 PCR product.
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Intermediate plasmid preparation: pCR2.1!TaWD40
The T A cloning kit (Invitrogen) was used to create an intermediate plasmid to provide
future confirmation that the TaWD40 insert is successfully digested \-vith Sal I. The ligation
reaction was run as follows based on the protocol provided by Invitrogen: 4.5 !J.L of sterile water,

I !J.L of lOX Ligation Buffer, 2 ,uL ofpCR2.l vector (25 ng/!J.L), 1.5 !J.L of TaWD40 PCR
product (25 ng), and IDa units ofT4 DNA Ligase. The ligation reaction was incubated overnight
at 14°C.
The ligation product was used to transfonn XL-I Blue subcloning grade competent cells
(Stratagene) according to the manufacturer's instructions which were then plated on LB plates
containing 50 IlgJmL kanamycin- The plates were incubated at 37°C overnight and then colonies
were used to inoculate 3 mL cultures ofTB medium containing ampicillin (50 !-Lg/mL). After
growing overnight at

3r C with rapid shaking, plasmids were purified from the bacterial

cultures by alkaline lysis (AusubeJ et aI., 2002).
The DNA was digested with Hind III and digests were run on a 1% agarose gel to
determine if the plasmids contained the correct insert. For plasmids appearing to contain the
correct insert., a second digest was done using SaIL

Digestion

0/ DNA/oT ligation

Once restriction enzyme digests confmned the correct pCR2.lITa\VD40 plasmid was
present, the appropriate 3 mL culture was used to generate a fresh 50 mL culture in TB medium
containing kanamycin (50 !J.g/mL). The pCR2.1/Ta\VD40 plasmid in culture was then incubated
at 3r C overnight. The plasmid was then puriiied from the bacterial culture by alkaline lysis
(Ausubel et aI., 2002). The plasmid DNA was digested separately with Sal I, Eco RI, and Hind

16

III to confmn that the correct plasmid was present. A medium-scale plasmid prep of the pMAL
c2x plasmid was also prepared. The pMAL-c2x plasmid was digested separately with Sal I, Eco

RI, and Hind III to confIrm that the correct plasmid was present Once both the
pCR2.l/TaWD40 and pMAL-c2x plasmid preps were shown to be correct, the samples were
concentrated by vacuum centrifugation and digested with Sal I as follows: 50 [LL of
pCR1.lfTaWD40 DNA (10 )..lg), 80 units of SalI, lO)..lL ofBSA (10 mglmL), 20 [.LL ofNE
Buffer II (New England Biolabs), and 114 )..lL of distilled water or 4 [.LL of pMAL-c2x DNA (l
[.Lg), 80 units of Sal I,IO)..lL ofBSA (10 mglmL), 20!-!L of}"'E Buffer II (New England Biolabs),

and 160 [LL of distilled water. Digestion reactions were incubated at 37°C for 4 hours. After 4
hours, 35 units of calf intestinal alkaline phosphatase (New England Biolabs) were added to the
pMAL-c2x digest to dephosphorylate the ends of the linearized plasmid, preventing the plasmid
from re-circularizing. The dephosphorylation reaction was allowed to proceed at

3r C for one

hour and the rube was then heated to 65 0 C for one hour to inactivate the alkaline phosphatase.
The pCR2.1rraWD40 and pMAL-c2x digests were run on a 1% agarose gel containing
ethidium bromide (0.1 IAg/JlL). The appropriate bands were cut from the gel and purified using
Millipore Ultrafree-MC Centrifugal filter colUJ.IlJlS (Millipore). DNA was purified using phenol
chloroform e>..'tractioDS followed by ethanol precipitation of the DNA. The purified fragments
were each dissolved in 20 !J,L of distilled H2 0. The amount of TaWD40 and pMAL-c2x DNA
was determined by gel electrophoresis using a 1% agarose gel containing ethidium bromide (0.]

I-lgl).lL). The concentration was detennined by comparison to 1000 ng of A DNA digested with

•

Hind Ill.
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Ligation of TaWD40 DNA and pi\1AL-c2x expression plasmid
The ligation reaction was run as follows: 100 ng ofTaWD40 DNA, 50 ng of pMAL-c2x
DNA, 400 units of DNA Ligase (New England Biolahs), and 1.0 flL of lOX DNA Ligase Buffer.
The ligation reaction was incubated at room temperature for 4 hours.
The ligation product was used to transform XLI-Blue subcloning-grade competent cells
(Stratagene) according to the manufacturer's instructions which where then plated on LB plates
containing ampicillin (50 flg/mL). The plates were incubated at 37°C overnight and then
individual colonies were used to inoculate 3 mL cultures of TB medium with ampicillin (50
I-lg/rnL). Cultures were incubated with rapid shaking overnight and then the plasmids were
purified from the bacterial cultures by alkaline lysis (Ausubel et al., 2002).
Each plasmid prep was then digested with Sal I to determine if the ligation reaction had
been successful. Reactions were prepared as follows: 2 !J..L of plasmid prep DNA, 2 j.1L ofNE
Buffer III, 10 units of SalI, I ilL ofBSA (l0 mglmL), and 4.5 I-LL of distilled water. The
reactions were incubated at 37° C for 4 hours. Samples were then run on a 1% agarose gel
containing ethidium bromide (0.1 j.1g/I-lL) or on the FlashGel system (Cambrex) to determine if
the ligation product was correct. Subsequent restriction enzyme digests were done for plasmids
appearing to contain the correct insert.

Results
The TaWD40 eDNA, CK210682, was received in the pCMV.SPORT6 plasnlid. After
PCR amplification of the cDNA iosert from this plasmid, gel electrophoresis indicated that the
concentration of the sample was approximately 35 ng/uL. This product was used as a template
to sequence the TaWD40 eDNA, CK210682.
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Sequencing ofthe TaWD40 eDNA

Initially, difficulty was experienced in obtaining good sequence data with the primers
tested from the 5' direction. Many bases in the sequencing results were skipped or incorrectly
identified. Some of the peaks in the sequencing data were not clear enough to accurately identify
the base. After conducting several test runs using a previously sequenced control DNA template
with the M13 -20 and reverse primers, problems with the reaction conditions and the AB31 0
software were worked oul
The TaWD40 eDNA, CK210682, was sequenced using a variety of primers from the 5'
end and the 3' end (Figure 6). Sequencing proceeded from the 5' end until the poly-A tail was
reached. Sequencing reactions were then conducted from the 3' end, beginning before the polyA tail and continuing until the pCMY.SPORT6 plasmid was reached at the 5' end.
A
5'
SP6

ATG

TGA

>

WD40ZS

>

>

WD40A5
WD40B5

WD40CS

>
WD40G5

>
WD40H5

3'

>

>

B
5'

ATG

TGA

<

«

<

<

<

< WD40CJ

<

3'

(

WD40HJ
\I/D4013

Wl)40B

WD40E3

WD40KJ
WD40F3

WD40D3

WD40L3

Figure 6: Diagram of the TaWD40 eDNA, CK21068. Start (ATG) and stop (TGA) codons are
indicated. A. Primers used to sequence eDNA beginning at 5' end. B. Primers used to
sequence eDNA beginning at 3' end.
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to transform XL I-Blue subcloning-grade competent cells to determine if the correct plasmid was
formed.

Discussion
Problems initially encountered while conducting the sequencing reactions, as well as
software problems with the AB3 J 0, were worked out and sequencing of the TaWD40 eDNA was
completed.
Initial digestion of the TaWD40 eDNA in the pCMV.SPORT6 plasmid by R Johnson
indicated that the TaWD40 insert was approximately 1.9 kb long, which is longer than any of the
partial TaWD40 cDNAs previously sequenced. Sequencing of the entire TaWD40 cDNA
confIrmed that it was 1.9 kb long. Analysis of the 5' end showed the presence of an in-frame
stop codon approximately 50 nucleotides upstream of the start codon. Sequencing was continued
through an in-frame stop codon after approximately 1650 nucleotides and the poly-A tail at the
3' end. Therefore, the entire open reading frame of the TaWD40 eDNA was sequenced.
Based on the detennined eDNA sequence for TaWD40, the deduced protein sequence
was found to be 527 amino acids. From this protein sequence, TaWD40 was detennined to have
an N-terminal U-box and a WD40 repeat domain containing 7 WD40 repeats. The presence of
these domains suggests that TaWD40 may belong to the family ofE3 ubiquitin ligases. The
ubiquitin-mediated proteolytic system, which selectively degrades proteins, targets proteins for
degradation by covalent ligation to ubiquitin (Figure 12) (Hersbko, 2002). The ligation reaction
involves the successive action of three proteins, an ubiquitin-activating enzyme, E 1, an
•
ubiquitin-carrier protein, E2, and an ubiquitin-protein ligase, E3 (Hershko, 2002). The E3
ubiquitin ligase, is responsible for the selectivity and regulation of degradation of specific
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produced and purified, further studies of the interaction between TaWD40 and PKABAl can be

carried out to investigate tbis hypothesized role of TaWD40.
The ligation reaction to generate a pRSET-AffaWD40 expression plasmid was attempted
many times with no success. Digestion of mini-prep DNA each time showed presence of
incorrect product It is possible that the dephosphorylation of the digested pRSET-A plasmid
was DOt successful and the pRSET-A plasmid was just reannealing. It is also possible that the
purified, digested samples of either pRSET-A or the TaWD40 insert were contaminated with
undigested samples making the ligation reaclion less likely to occur. In the future, careful
attention will be paid to the gel eXtraction and purification of both the digested pRSET-A
plasmid and the TaWD40 insert to insure that the product is not contaminated with undigested
sample. If possible, increased concentrations of both the plasmid and the insert will be used to
increase the likelihood of a successful ligation reaction.
The TaWD40 eDNA was successfully amplified from the pCMV.SPORT6 plasmid using
the TaWD40SALl primers repeatedly v"ritbout complication. Initial attempts to insert the
amplified TaWD40 insert into the pCR2.1 plasmid were unsuccessful. After several attempts,
restriction enzyme digests showed that the correct plasmid was present. Medium-scale
preparations of both the pCR2.1/TaWD40 plasmid and the pMAL-c2X expression plasmid were
successfully prepared, digested with Sal I and purified. The product from the ligation reaction
will be used to rransform XL l-Blue subc1oni.ng grade competent cells (Stralagene) and plated on
LB plates containing Ampicillin (50 !-Lg/mL). Plasmid preps will be made and digested with
restriction enzymes to determine if the correct plasmid was produced.

•

Once restriction enzyme digests indicate that either of the correct plasmids has been
made, sequencing of the junctions will be done to ensure that the insert was added in-frame. If
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the plasmid is correct, large-scale production of TaWD40 will follow. With large amounts of
TaWD40, the relationship between TaWD40 and PKABA I can be investigated further. The
construction of expression plasmids containing the fujI-length TaWD40 eDNA fused to
particular N-terminal tags will also allow for future protein purification. Once purified Ta'WD40
protein is obtained, it can then be used in binding and activity assays and for the production of
antibodies that can be used for immunoblotting.
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